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President-Professor Sir DAvID K. HENDERSON, M.D., F.R.C.P., F.R.S.E. [April 13,19481 Experimental Invesfigations in the Endocrinology of Schizophrenia By R. E. HEMPHILL, M.D., and M. REIss, M.D. IT is not our intention to propose-as the title might suggest-that schizophrenia is an endocrine disorder, but from our work and that of others, there is sufficient evidence to encourage search for endocrinological relationships. It is, however, difficult to find case material that is clinically homogeneous. At first we endeavoured to select our cases because of psychiatric similarity, but, as we have found evidence that cases with an apparently identical clinical picture may have dissimilar physiological patterns, we are endeavouring to classify cases according to physiological patterns, and thereby to specify categories of schizophrenia. The paranoid form of schizophrenia has been excluded from this study.
There must be general dissatisfaction in grouping under the clinical label of schizophrenia cases of unknown vtiology, similar in prognosis and perhaps psychopathology, but with little else in common and many points of individual variation. Although it is far from certain that the schizophrenic illnesses ofadolescence have the same origin as those of early adult life or following the puerperium, the only accepted treatment for all types is either the production of extreme physiological stress (as in the shock therapies) or creation of a new neural integration (as in leucotomy). Therefore the indications for and results of treatment should be susceptible to expression in physiological and biological terms.
From the enormous literature on the subject, containing so many facts and so few conclusions, it would seem that this hope is not likely ever to be fulfilled. By and large, all workers have reported physiological abnormalities in a proportion of all cases investigated, but there has been no success in correlating these abnormalities with the clinical appearances.
Unless the pathophysiological phenomena are unrelated to the disorder (which is unlikely), this lack of success is either because the polymorphism of the disease group defeats study, or because in the disease group are different entities treated as one illness, the psychiatric diagnosis acting as a mask, or because the physiological behaviour of individuals is subject to unpredictable variation.
In published research in schizophrenia, unlike research in chronic physical disorders, such as rheumatism or cancer, little account seems to have been taken of the duration and stage of the disease; nor do-many papers show that the end-result was of consequence to the investigators after the research programme had been carried out, and investigations do not seem to have been conducted on many patients in apparently total remission. There has been much study of phenomena such as circulation, oxygen consumption, and liver function, considered in isolation. Merely to add to the multitude of such investigations could contribute little, and, although we have applied methods of research to isolated phenomena, we have tried to direct our research by biological or endocrine indications.
In recent years we have studied pathological changes in the testis in schizophrenia (Hemphill, 1944; Hemphill, Reiss, Taylor, 1944) . Biopsy specimens consistently showed an abnormal histological picture in schizophrenia of early life. The pathological changes were not found in other mental disorders, nor were they marked in paranoid schizophrenia. They were maximum in younger patients and where the prognosis was bad or the disease process far advanced.
The advantage of the biopsy method, in that fresh material can be procured from patients selected at any stage of the disease and in any state of health, is somewhat offset by the small portion of tissue available, for biopsy specimens are too small to enable one to express an opinion about the interstitial elements and Leydig cells. The striking abnormalities were: gross disorder of spermatogenetic elements, with destruction of many tubules, hyalinization of basement membrane, and infertility. The only parallel picture in humans is found in senile testes, but there were points of histological similarity between the schizophrenic testis and that of the animal after partial hypophysectomy. It therefore appeared likely that the testis atrophy was due to abnormal anterior pituitary activity, the normal hormonal control of spermatogenesis and testis development being disturbed.
Attempts to repair this testicular disorder by hormone treatment were not entirely successful. Follicular stimulating hormone (Gestyl) influenced the cells, capsing many to increase in size and stimulated spermatogenesis, but complete maturation was not re-established.
The testis structure remained pathological as was to be expected, for the disturbance occurring in adolescence was likely to be complex involving different gonadotrophic, adrenotrophic and other hormones. Simultaneous estimation of anterior pituitary hormone excretion could only be carried out on a selected number of cases; such a programme is in fact nearly impracticable, as the consumption of animals and time appears quite prohibitive. Reference will be made later to some attempts to develop newer and more sensitive methods of assaying anterior pituitary hormones.
A very extensive battery of tests, thorough biochemical investigation of the blood and urine calculated to mirror the physiology of the patients and indirectly to throw some light on anterior pituitary functions combined with the estimation of the excretion of 17-ketosteroids and of cortin-like substances, was employed. No definitely conclusive information was gained by these procedures about pituitary disorder. They did reveal, however, the importance of constancy and inconstancy in physiological patterns and a possible correlation between steroid hormone metabolism and some forms of schizophrenia.
Up to the present the only biochemically-controlled clinical type of schizophrenia yet described is that of Gjessing. He selected cases suffering from the rare periodic catatonic illness and, after repeated physiological investigations, showed that a disturbance of nitrogen balance was associated with psychotic phases. Administration of thyroid to discharge nitrogen retention was accompanied by remission of mental symptoms. Gjessing, therefore, having succeeded in isolating a type of schizophrenia with constant clinical characteristics, patiently elucidated biochemical correlates. To establish other clinical categories by psychiatric examination alone is probably impossible, but we believe that physiological patterns will emerge from widespread research, by which groups of corresponding cases can be identified without the necessity of relying on the clinical appraisement.
Published reports show that if various biochemical tests, for example, insulin sensitivity and sugar tolerance, are repeated frequently in schizophrenic patients, there is much day-to-day variation in results, and from clinical experience we know how unpredictable is the response to insulin treatment. If tests are carried out on a large series of patients, significant deviations occur in a greater proportion than in normal controls.
To express these facts in a different way, it is crear that there exist many cases of schizophrenia whose physiological equilibrium is inconstant and a proportion in whom it is constant, irrespective of whether the results of tests are themselves within or without the normal range. It is the factor of inconstancy that operates so strongly against biochemical research. However, we think these schizophrenic patients could be grouped profitably into those with constant and those with inconstant biochemical patterns. Inconstancy might be significant of active, and constancy of arrested disease, or the opposite; or a biochemical pattern might be established at a certain stage of the disease, or it might be characteristic of a certain type. Therefore, much variation in research results is to be expected unless the patient material is in the same stage of the disease or suffering from the same type-conditions clinically unascertainable. If tests could be devised which, repeated frequently, would reveal constancy and inconstancy, it should be possible to spot patients with similar physiological patterns who could then be subjected to extensive and detailed investigations.
The amount of 17-ketosteroids excreted in twenty-four hours bears some relation to the activity of the adrenal cortex and the testis. Its estimation was chosen in preliminary investigations as the master test for the study of constancy and inconstancy as well as to give information about endocrine activity. In previous investigations (Hemphill, Macleod and Reiss, 1942) it had been observed that the output of 17-ketosteroids increased after electro-shock treatment, leucotomy, and occasionally even testis biopsy.
This increase is not, as we thought at first, a regular result of successful electroshock treatment. We have seen increases even up to three times the normal. This suggested that the daily level of 17-ketosteroid output might vary in schizophrenic patients in whom the biochemical pattern was inconstant.
In a large series of patients of different types many daily analyses of the 17ketosteroid excretion were made. There was in some of them a day-to-day variation, some showed a rather constant behaviour. It is not yet possible to isolate from these results any particular pattern of variation. Fractionation of the different 17ketosteroid excreted appears to be more promising at present. The figure gained for the total 17-ketosteroid excretion in twenty-four hours is a resultant only of the different fractions, some of them produced in the testicles, some of them in the adrenal cortex, and some being inactive intermediary products of the steroid metabolism not yet formed to a specific hormone by a ductless gland.
A recently published method of Dingemanse and co-workers (1946) was applied for fractionation. In this method a chromatographic separation of over 20 different ketosteroids is possible, including the separation of androsterone and dehydroandrosterone, the former produced mainly by the testicles, the latter by the adrenal cortex. Our fractionation experiments showed that even if different individuals excrete exactly the same amount of total 17-ketosteroids, this total figure might be arrived at by the excretion of entirely different components. There might be, for instance, a complete lack of dehydro-androsterone excretion, the total sum being made up of an unspecific or not yet completely identified ketosteroid.
The fractionation method of Dingemanse was carried out on a great number of patients' urine extracts, but it has not been established as a routine method for research in our laboratories, owing to the unreliability of the various absorption materials obtainable to-day. The method as it is now being carried out consists of separation into ketonic, non-ketonic, alpha and beta fractions; a procedure much better suited to routine work and which gives valuable differentiations.
A group of six chronic catatonic patients, mute and cataleptic for years, who had failed to respond to recognized treatments, were chosen for special examination. They were as nearly similar in state of health, nutrition, and clinical picture as possible, and they were investigated under standard conditions. They were kept under control for several months, during which time fractionated ketosteroids were. investigated frequently, and a battery of biochemical tests was applied. Urinary cortin excretion and other hormones were also studied. Although clinically these patients were identical, their fractionated ketosteroid patterns were not so, and in one patient no dehydro-androsterone was excreted.
K. B., aged 33. He had not spoken for eight years, he was practically immobile, and could only just feed himself. Testis biopsy had shown gross atrophy and infertility, with marked sclerosis of small vessels. Total ketosteroids remained within normal limits, but fractionation consistently showed no dehydro-androsterone, the total ketosteroids therefore having little physiological value. The question was, did he produce no dehydro-androsterone, or was it broken down in the body and not excreted? He was treated with 25 mg. daily of testosterone. His ketosteroid pattern altered, and he started to excrete dehydro-androsterone. This more normal pattern is maintained as long as he is under treatment. The change was accompanied by a remarkable clinical improvement. He became active, walked easily, talked and worked. He discussed literature, and asked for chocolates and cigarettes. He put on weight, his circulation improved, and his beard began to grow. He has not recovered, but this partial remission has remained now for about a year. He tends to relapse if not treated with testosterone. His testes are firm; biopsy shows a very abnormal but remarkable picture, unlike anything we have seen before. The testis has been influenced but not repaired.
Administration of testosterone to the other patients in the group, in whom the picture was clinically the same, and who already excreted dehyro-androsterone, failed to produce any clinical response beyond a tendency to auto-erotic behaviour.
It is reasonable to assume that in this single case there is a close relationship between the abnormal endocrine state and the clinical condition. Partial correction of the former produced a maintained improvement in the latter.
Without biochemical control, empirical treatment of these patients with testosterone would have produced the same result, but we would not have been able to suggest why treatment succeeded in one case and not in the others. We see in this an explanation for the occasional successes of haphazard hormone treatment in schizophrenia, observed by Hoskins and most other workers.
One can optimistically speculate that if our methods of analysis were sufficiently accurate we could find definite indications for treatment in many cases. Probably the endocrine disturbance is not simple, and might have to be corrected with the administration of more than one hormone; nor do we know whether a successful result is due to the direct action of the hormone administered, or to its effect in altering the hormone balance.
Cortin in blood and urine.-Heard, Sobel and Venning (1946) , and Talbot et at. (1945) have described methods for determining cortin in urine by chemical means depending upon the reducing properties of the side chain. Hemphill and Reiss (1947) have made use of the same principles to determine cortin in blood. We have found significant individual variation, as well as daily or weekly variations in the same patient, in schizophrenics as a whole, and work is being done to show how these changes are related to the fractionated 17-ketosteroid output.
In the case described above, there was a sharp rise in blood cortin after treatment with testosterone. This in its turn might account for the increased muscle activity, although it should be noted that in the other patients the normal level of blood -cortin was not associated with the same result.
The catatonic state.-The catatonic state might be the result of a central neurophysiological process or influenced by hormone dysbalance. It might, however, be *caused by inhibitory substances in the blood, giving a picture that masks the true illness. Experiments were devised to test the last possibility. Special cages were constructed to contain a rat comfortably. The base of the cages was a large rubber tambour, connected with a kymograph. The slightest movement in any direction agitated the tambour and was recorded on the kymograph. Simultaneous records -were made of the activity of six rats, each time under standard conditions of complete quiet. By adjusting the speed of the kymograph, the amounts that the rats moved in twenty-four hours could be assessed from the kymograph record, and therefore -the total activity estimated and expressed by ,' activity. The rats were then injected with blood from catatonic patients, and from normal controls. This experiment is still proceeding, but so far there has been no evidence of inhibitory substance, and in some cases the activity of the rats has been significantly increased by catatonic blood.
Thyroid function in schizophrenia.-Estimation of B.M.R. in schizophrenia is practically valueless, and until recently it has seemed impossible to get a true index of thyroid activity. It is important to do so, for, as we know, a proportion of schizophrenic patients respond to thyroid treatment for a time and in many a tolerance of thyroid develops after treatment for a few weeks. It is not clear whether this anomaly is due to a failure of reactivity or some special property of the schizophrenic thyroid itself. Clinical hyperthyroidism is rare in schizophrenia, and in the few cases we have seen and reported there was eventual recovery. We have felt justified in regarding hyperthyroidism with schizophrenia as a separate clinical entity (Hemphill, 1942) .
Reliable methods for the determination of the thyroid function should be the determination of the protein-bound blood iodine, determination of the iodine uptake of the thyroid and determination of the iodine excretion. As a result of more than a year's work a modification of the method used by Taurog and Chaikoff (1946) was finally adopted as the routine method for the investigation of the patients. The iodine uptake and iodine excretion are being investigated with the radio-active tracer technique. A combination of all three methods should give reliable evaluation of the thyroid function. The methods were unfortunately not available at the time when the bulk of the early work on the fractionation of ketosteroids was being done. Enzyme systems.-In recent years enzyme activity has received much attention. Some workers have speculated that many of the somatic deviations in schizophrenia originate in enzyme abnormality. Richter and Lee (1942) , having studied cholesterinase levels in blood, showed that cholesterinase could be an indicator of autonomic activity, as well as of muscular activity. Contrary to the findings of previous workers, notably Stedman and Stedman (1935) , we have demonstrated true cholesterinase in C.S.F. (Reiss and Hemphill, 1948) .
We have investigated the levels of true and pseudo cholesterinase in blood and in C.S.F. in more than a hundred patients, suffering from different mental disorders, Promedings of the Royal Society of Medicine including schizophrenia, and during and after experiences such as electro-shock treatment.
In the schizophrenic group, deviations are still being studied. If it is true that cholesterinase levels reflect autonomic activity, we have now another instrument for studying this important aspect of neurophysiology in schizophrenia, and examining the assumptions of autonomic dysbalance in this disorder.
To summarize this section of the work, we feel that with methods for fractionation of 17-ketosteroids and estimating blood and urine cortin, protein-bound blood iodine, cholesterinase in blood, and in C.S.F., and tracer technique with radio-active iodine, we have methods with which to approach the physiological problem in a more definite and refined way than ever possible before.
Investigation of isolated phenomena is not likely to be helpful, and these methods will have to be used in combination. They should be exhaustively applied in the course of and after treatment, and it will be necessary carefully to investigate patients in full remission and at intervals after discharge from hospital.
Relationship of growth and physical constitution to schizophrenia.-In the many studies of physical constitution in schizophrenia allowance does not seem to have been made for the possibility that as the result of the disease process the physical constitution might have changed. Body measurements in psychotic patients, irrespective of the duration of illness or the age, are usually classified together under the respective clinical headings. It is our impression that some patients change shape during the illness and become more leptosomatic.
If the atrophy of the testis is due to faulty anterior pituitary regulation, it may well be that the regulation of growth hormone is upset as well. It is quite plausible that a schizophrenic patient becomes leptosomatic if the disease process begins before growth is complete and not because he is primarily of leptosomatic constitution.
In planned research, cases of schizophrenia should be measured and photographed according to standard scales, with an X-ray control, the procedures to be repeated every six months up to say five years. Analysis of anterior pituitary hormones and growth substances should be made on cases showing an abnormal physical development. This work could be conducted on a large scale in collaboration with other mental hospitals, and it is an item in our research programme in Bristol. The tremendous difficulty in planning a reliable scheme of measurement is evident. Non-psychotic siblings should be included in family controls.
Continuous efforts have been made to improve the methods for the assay of pituitary anterior lobe hormones in the body fluids. One is faced in this work with the difficulty that large volumes of urine or blood are necessary for tracing small amounts of hormone and many, animals are required. It was important to find test objects sensitive to small amount of hormones and therefore requiring smaller amounts of body fluids. At present in our laboratories the total hormones are absorbed on permutit. After passing several litres of urine through such a permutit column the concentrated total amount of growth hormone, gonadotrophic hormone and corticotrophic hormone can be gained in a few ml. of the eluate. The method has already been worked out for corticotrophic hormone assay (Cooke, Graetzer and Reiss, 1948) .
Puerperal schizophrenia.-Puerperal schizophrenia strikes one immediately as being an important clinical entity, and for various reasons eminently suitable as a research problem. It occurs rarely before delivery and, although commoner in primipara, it is sometimes seen in multipara. It constitutes about one-fifth of all the pregnancy reactions. Its unique characteristics are as follows: the patients are fertile, unlike the majority of comparable males with atrophic testes; the prepsychotic 538 constitution is usually good, as evidenced by the fact of marriage, and in the clinical histories there is seldom evidence of a bad or schizoid constitution; the physique is frequently normal; it is the one form of schizophrenia that comes under treatment regularly within a few days or weeks of the appearance of psychotic symptoms; the prognosis should therefore be most favourable. In point of fact, the prognosis is probably worst of all schizophrenic illnesses, and in our survey in Bristol few cases of clear puerperal schizophrenia appear ever to have recovered.
Of 117 cases of puerperal mental illness of various kinds treated at Bristol Mental Hospital in recent years, 21 suffered from schizophrenia; 2 of these made doubtful remissions, and the remainder became chronic and degenerated in spite of insulin and shock treatment. Of the remaining 96 non-schizophrenic reactions, 92 made complete recoveries; 2 died of pneumonia; and 2 improved but were lost sight of after leaving hospital.
Puerperal schizophrenia follows an acute physiological event; we would suggest that this event is not childbirth, but sudden loss of placenta. That the illness responds so badly to insulin and other treatments indicates that the physiological abnormality has some special quality. This special feature might be related to the placental loss. Most animals eat the placenta. Man does not do so, because presumably in the human the acute loss of placental hormone is bridged temporarily from other sources while endocrine equilibrium is being established. It is interesting to speculate that if the schizophrenic constitution represents a more archaic type of functioning, there is a greater demand than normal for the placenta to readjust endocrine balance.
Puerperal schizophrenia logically should be an entity in the disease group and, as there is a minimum of uncontrollable extraneous factors, most suitable for hormone investigation. These patients are so unco-operative and difficult to nurse that collection of urine is not easy and research may be impracticable. However, in some cases we have found evidence of marked deficiencies; in some cases absolutely no cestrone or pregnandiol has been recovered from successive urinary specimens. There are reports of at least two cases in the literature who recovered after immediate treatment with progesterone (Blomberg and Billig, 1942, Schmidt, 1943) . There is, therefore, some clinical and biological evidence to support the theory that puerperal schizophrenia is an entity with a particular endocrine basis, in which replacement therapy may be practicable.
It is still worth considering what actually happens in the brain after an endocrine disturbance that could be responsible for the development of mental changes. Attention in this direction is centred around the brain circulation and the brain metabolism. Model experiments carried out in our laboratories on the brains of rats (Reiss and Rees, 1947) have shown disturbance of the economy of the metabolism. Hexokinase activity and glycolytic activity are increased after hypophysectomy. The brain uses more of its carbohydrate reserves, a state which consequently may lead to a breakdown of certain brain functions.
Summary.-In this rather scattered survey, we have endeavoured to show some of the lines along which our research is being planned, and to mention what we have found productive.
We have avoided any mention of the obvious question as to the location of a disease process that operates sometimes through endocrine channels. However, it is not difficult to offer a physiological explanation for some of the psychological phenomena.
A reduced awareness and responsiveness to environment allows the appearance of dream-like states, so similar to schizophrenic thought content. Reduced awareness 539 is common in fatigue, and in conditions such as the male climacteric, where poor adrenal cortex function or inadequate male sex hormone is causative.
The conception that schizophrenia represents a failure of responsiveness to the environment cannot easily be proved, but test situations such as response to heat and cold can be created. Where there is faulty adaptation, with poor thermal regulation, there should be, on the basis of animal experience, a poor response in the output of cortin, cortin levels being used as an index of physiological adaptability.
Some such experimental planning might serve the dual purpose of extracting from the great mass of schizophrenics those with poor responsiveness and those with good, and thereby act as a guide to prognosis.
